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RFETS ECOC SCREENING PROCESS 

5 

A. DATA USES AND ERA OBJECTIVES 

The functions of Superfund baseline ERAS are to- (EPA 1994): 

( I )  "document whether actual or potential risk exists at a site; 

(2) screen the contaminants present at a site for those that mighf pose an 
ecological risk, thereby focusing further efforts; and 

(3) generafe data to be used in evaluating clean-up options." 

In order to support these functions, the objectives of the ERA include: 

- Identify the ecological receptors potentially at risk; 

Estimate exposure of receptors to PCOCs and the risk associated with the 
exposures; 

. Characterize existing impacts at the appropriafe level of biological 
organization; 

. Characterize the overall ecological risk resulting from existing impacts and 
estimated exposures; 

- Provide information necessary to evaluate benefits and costs of remedial 
alternatives 



RFETS ECOC SCREENING PROCESS 

Woman Creek and Walnut Creek ERAs are largely "source driven" (Suter 1993) 
in that known or suspected contaminant source areas have been identified, but 
there were no overt signs of ecotoxicological stress that could be attributed to 
contam in ants. 

. The initial phase of the ERAs needed to focus on identifying chemical 
contaminants that were present at potentially ecotoxic concentrations. 

More than 170 potential chemicals of concern (PCOCs) had been identified from 
the RFllRl activities in operable units I ,  2, 5, 6, 7, I O ,  and 11. 

An effective means was needed for screening the PCOCs to determine which 
were present at potentially ecotoxic concentrations 

The specific obiectives of the ECOC screeninq process: 

Perform screening-level exposure and risk calculations for potential 
chemicals of concern (PCOCs) to determine which PCOCs are present at 
potentially ecotoxic concentrations and those that represent negligible, or de 
minimus, ecological risk. L 

Identify the chemicals, environmental media, and geographic areas that 
contribute most to risk for a given receptor or group. 

Identify ECOCs for which further analysis is needed to refine risk estimates 
or to help establish remediation strategies. * 

3 



RFETS ECGC SCREENING PROCESS 

B. APPROACH, SCOPE, AND OVERVIEW OF METHODS 

1. Receptors/pathways 

Conceptual exposure models were developed based on the nature and 
distribution of PCOCs in abiotic media. 

The conceptual model identified potential exposure pathways and the types 
of ecological receptors that might be exposed to PCOCs. 

Representative receptor taxa were identified to represent functional groups 
in preliminary exposure and risk estimates. Candidate receptor species and 
life history characteristics were identified in Technical Memorandum No. 2 - 
Sitewide Conceptual Model 

2. Data acquisition and cleanup 

A database was obtained from RFEDS that included all abiotic and biotic 
samples used in RFVRI "nature and extent" evaluations. Only data from 
samples collected after December 31, 1989 was used. Data were subjected 
to a uniform "cleanup" routine to ensure that exposure estimates were 
comparable among source areas and operable units. 

3. Data aggregation 

Under an agreement with €PA and CDHPE, ERAS would be performed on 
a watershed* scale. The ERA study areas include all or parts of 7 operable 
units and many individual hazardous substance sites. In order to make the 
ERA results more useful assigning risks to specific OUs, IHSSs were 
grouped into sixteen ERA source areas. to aid in identifying areas with the 
greatest risk. Source area boundaries were identified, in part, based QTI 
abiotic and biotic sampling locations in the area. 

Data from sample locations within each source area were used in estimating 
exposure point concentrations. In most cases, a 95 percent upper 
confidence limit of the mean (UCL,& was calculated for each PCOC in each 
environmental medium. The UCL,, values were calculated using one-tailed 
procedure (Gilbert 1989) and assuming normal distributions. 

h 

In some cases, the maximum detected concentration reported was used at 
the exposure point estimation 



Conceptual Exposure Model for Receptors 

SDecies Exposure Routes Exposure Points 

Limiting Species 

Preble’s meadow jumping mouse I ng est ion Surface soil 
Surface water 
Vegetation 
Terrestrial arthropods 

Inhalation Air in burrows 

American kestrel Ingestion Surface soil 
Small mammals 
Terrestrial arthropods 

Great blue heron Ingestion Surface water 
Sediment 
Fish 

.~ 

Mal lard Ingestion Surface water 
Sediments 
Fish 
Benthic macroinvertebrates 

* Vegetation 

Veg e t a t I o n Direct Contact Subsurface soil 

Aquatic life Direct Contact Surface water 
Sediment 

Wide-Ranging Species 

Coyote Ingestion Surface soil 
Surface water 

Vegetation 
i Small mammals 

Mule deer Ingestion Surface soil 
I Surface water 

Vegetation 

Surface water 
Small mammals 

Red-tailed hawk Ingestion Surface soil 



Cleanup Routine for Analytical Data: Site Wide Ecological Kisk Assessment 

..__. Ilncluder records for field 
QAIQC samples) KttVb 

Analytical data I Post 1/90 I 
Data cleanup for 

format consistency 

Remove records for field Qc 
and lab QaIQc samples 

Lab & Field 



-- 
Wildlife ECOC Screenina Process at RFETS 

Start with cleaned & sorted data; UCLg5 

calculations by ERA source area 

Develop site specific TRVs 
(adjusted for background) 

Exposure and risk calculatians 

Sort by species, by source area 

Create baseline tables w/all PCOCs, ranked by Ha; calculate 
HIarea for each species; each area 

I I I 
heron, mallard, raccoon, kestrel, 

deer mouse 
I 

mule deer, coyote, red-tailed hawk Preble's meadow jumping mouse 

For Areas with HI area> 1 .O Make 

charts summanzing risk (rank 
PCOCs, rank exposure point 

contributions, etc. 

Rank ma;  Sort data by 
Bar chart chemicals; 

Calculate HQ site & 

HQ watershed 

HI area > 1.0, rank exposure 

Rank HQsite & 

HQ watershed; make 
charts for top 99% of 

risk rank exposure 
point contributions 

I 

Identify sitewide ECOCs; 
risk estimated sitewide 

Identity ECOCs by area: 
risk estimated by area 

Identify ECOCs by area; 
risk estimated sitewide and by wateished 



Veaetation ECOC Screenina Process at RFETS 

Develop site-specific TRVs 
(adjusted for background) 

Screen sampling locations within 
source areas; identib locatiorls 
with PCOC concentrations that 

exceed TRVs; map locations 

Identify sitewide ECOCs based on 
potential toxicity in sensitive habitats 

(e.g., wetlands) and proportion of 
communities affected , 

Extent of habitat affected is 
determined using Thiessen polygons 

within source areas 



Aquatic Receptors ECOC Screeninq Process at RFETS 

Sediments Surface Water 

Calculate sitehhemical 
specific TRVs 

Calculate site/chemical 
specific TRVs 

1 1 
Identify locations with 

concentrations exceeding 
TRVs; map sites 

Screen PCOC concentrations 
by pond and stream locations 

Make tables by sampling 
location showing chemicals 

that exceed TRVs 

Identify ECOCs by source area 

Make tables by sampling 
location showing chemicals 

that exceed TRVs 

Identify ECOCs by source area 

Gg5ESMquallc Receptors 2501 .Imp 
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RFETS ECOC SCRE&NING PROCESS 

3. Exposure Estimation 

Wildlife - exposures were estimated for each species in each ERA source 
area. Estimates were weighted for receptors home range and resource 
availability within each source areas. The UCL,, was used as exposure 
point concentration in most cases. 

Veqetation - exposures estimated for direct contact with soil. Exposure 
and risks were estimated from the UCL,, and maximum detected 
concentrations for borehole data in each source area. 

Aauatic Life - Surface Water - Exposures and risks were estimated for 
direct contact with surface water. The UCL9, for metals (dissolved) and 
organics (total) for a source area was used as the exposure point 
concentration. 

Aauatic Life - Sediments - Exposures and risks were estimated for direct 
contact with surface water. The UCL,, was for a source area was used as 
the exposure point concentration. 

L 



Exposure Estimation Methods 

Wildlife 

PCOC intake from each exposure point 

Intake = IR * SUF, ' C 

where: IR, = ingestion rate for mediumiexposure point i 

SUF, = site use factor for source data.area x 

c, = concentration of PCOC in medium i ;  unless otherwise 
noted, C is UCL,, for source area 

Intakes from each medium within a giver1 source area are summed to estimate 
total intake for the area. For wide-ranging species, intakes from areas are 
summed to estimate uptake from site. 

Vegetation 

Exposure estimated for direct contact with subsurface soil. Concentration of 
'PCOC in bulk soil samples are used as exposure point concentration. 

Aquatic Life 

Exposure estimated for direct ccntact with surface water and sediments. PCOC 
concentrations in surface water (dissolved) and sediment used as exposure point 
concentrations. 
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METHODS FOR ESTIMATING UPTAKE OF CONTAMINANTS IN BIOLOGICAL 
TISSUES 

Veqetation 

The concentration of organic PCOCs in vegetation was estimated using the following 
equation (Baes et a/. 1984): 

U = B * C ,  

where: 
U = uptake (pg/kg) 
B = transfer coefficient (unitless) 
C, = concentration of contaminant in soil 

The transfer coefficient, B, is calculated from the KO, using the following equation 
(Travis and Arms 1988): 

log B = 1.588 - 0.578 log Kow 

Aquatic Prey Species 

For aquatic prey species, the bioconcentration factor (BCF) was used to estimate 
accumulation of contaminants from surface water: 

Tissue Conc, = BCF * C, 

where: C, = PCOC concentration in surface water (dissolved for metals, total for 
organics) 

If a literature-based BCF was not available for a give PCOC, it was estimated using the 
following equation (Lyman et al 1982): 

log BCF = 0.76 log KO, - 0.23 



EQUILIBRIUM PARTITIONING METHOD FOR ESTIMATING SEDIMENT QUALITY 
CRITERIA FOR ORGANIC COMPOUNDS 

Sediment TRVs for organic compounds was calculated using EPA’s equilibrium 
partitioning approach to estimating sediment quality criteria (EPA 1992): 

SQC = K, * WQS 

where: 

SQC = sediment quality criterion 
K, = sediment-water partition coefficient 

K, was estimated from the carbon-water partition coefficient (KoJ and fraction of organic 
carbon in sediments (fo,): 

K, = foc * K O ,  

KO, was estimated from the octanol-water partition coefficient ( Kow): 

log,,(K,,) = 0.00028 + 0.983 log,,(&,) 

Note: Interim SQCs are available for some PAWS, PCBs, and pesticides. These SQCs 
are expressed as an allowable mass of chemical per mass organic carbon in sediments 
(e.g., grams PCOC/gram carbon) b 



RFETS ECOC SCREENING PROCESS 

4. Risk Estimation and Characterization 

Risks were’estimated using the Hazard Quotient (HQ) and Hazard Index (HI) 
approaches. 

Hazard Quotient (HQ): HQs are used to characterize risk from a single 
chemical (potential chemical of concern [PCOC]). The HQ may be based 
on exposures estimated from data aggregated from several areas and/or 
from several exposure pathways. The level of data aggregation used in 
calculating an HQ is indicated by a subscript: 

HQ,,,, = The HQ for a single PCOC in a single ERA source area. For 
wildlife, this values includes intake from all exposure points in 
the source area. 

HQ,,,, = Sum of all HQ,,, values for a given PCOC across entire site 

HQwatershed = Sum of HQ,,,, values for a given PCOC within a watershed 

Hazard Index (HI): HIS are used to characterize cumulative risk from 
multiple PCOCs. The HI for a given source area is calculated by summing 
HQ,,, values for ihe area. HIS for multiple areas are calculated by summing 
HI values for smaller units. The level of data aggregation included in the HI 
is indicated by a subscript: 

HI,,, = Sum of HQ,,,, values for a single ERA source area. 

Hlwatershed = Sum of HI,,, values for a watershed 

HI,,,, = Sum of HI,,, values for the entire site 



Background 
exposure is TRV 

Literaturk-based benchmarks for wildlife from: 
1 .  Oak Ridge National Laboratory (OWL) 
2. Values developed from information in toxicological literature and OWL methods 

Water quality benchmarks from: 
1 .  Colorado state water quality standards 
2. EPA Ambient Water Quality Criteria 
3. O W L  database 

Sediment quality benchmarks from: 
1.  EPA interim sediment quality standards (SQCs) 
2. EPA equilibrium partirioning approach 
3. ORNLdatabase 
4.: Site-specific SQCs developed for other CERCLA sites \\o 



RFETS ECOC SCREENING PROCESS 

Basic Assumptions and Risk Cateqories 

1. All TRVs were derived to approximate the No-observed-adverse-effects- 
level (NOAEL) 

2. The uncertainty factor used to estimate the NOAEL from Lowest- 
observed-adverse-effects-level (LOAEL) is IO. (Le., NOAEL = 0.1 x 
LOAEL) 

While this uncertainty factor is not based on regulatory statute, it is commonly used 
in ecological and human health risk assessment. Information available for 
laboratory animals indicates that L0AEL:NOAEL ratios are more typically 3.5 to 5.0 
(Lewis et. al. 1990). The ratio of LC,, to LOAEL is typically 5.0 to 6.0. Thus, the 
tenfold uncertainty factor appears to be sufficiently conservative. 

[Lewis, S.C., Lynch, J.R., and Nikiforov, A.I. 1990. A New Approach to Deriving 
Community Exposure Guidelines from 'No-Observed Adverse-Effects-Levels'. Reg. 
Toxicol. and Pharmacol., 11:314-330.1 



RFETS ECOC SCREENING PROCESS 

SUGGESTED GUIDELINES FOR INTERPRETING HQs AND HIS IN ECOC SCREEN: 

Hazard Quotients: 

1 HQ < 1.0 indicates exposures below the NOAEL and indicates de minimus 
risk; no further analysis is necessary 

2 1.0 HQ 10 indicates exposures greater than the NOAEL but less than 
the LOAEL and indicates minimal and possibly de minimus risk; further 
analysis may be indicated if simultaneous exposure to other chemicals with 
HQ > 1.0 is probable. 

3 HQ > 10 indicates exposures equal to or greater than the LOAEL and 
indicates potentially adverse effects may result; further analysis is required 
to better define risk 

4 HQ > 50 indicates exposures may result in effect on a large portion of 
animals (e.g., LC,,) and represents significant risk; further analysis is 
required to better define risk and determine cleanup goals to mitigate risk 

Hazard Indices: 

A HI,,,,, 5 1.0 - de minimus or negligible risk 

B 1.0 HItota, 10 - minimal, possibly negligible risk 

C 10 c HI,, < 100 - potentially significant risk; refinement of risk estimates 
needed 

D HI,,, > 100 - significant risk is probable; refinement of risk estimates 
needed especially to identify cleanup goals 



RFETS ECOC SCREENING PROCESS 

Circumstances that may require exceptions to strict application of the suggested 
criteria: 

. PCOCs with an HQslts < 10 but that are known to be very toxic or an especially 
important threat due to bioaccumulation 

. naturally occurring metals with HQ,,,, 2 10, but appear to be present in native 
materials and not result of contamination 

a Organic contaminants, such as PAHs and PCBs that are relatively ubiquitous 
due to anthropogenic sources such as automobile exhaust or industrial 
emissions in the Denver metro area. Exposure to such chemicals should be 
considered when assessing cumulative risk. 

a PCOCs that occur in ecologically important or sensitive areas such as 
wetlands, riparian areas, or critical habitat for protected species. 
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Surface Water Standards for Aquatic Life Sitewide PCOCs 
at Rocky Flats Environmental Technology Site 

- _  ~ - -_ -- - _- 
ORNL 1994 UGIL A. - 4 

- - UGIL CWQS 2 
d ~ -_- - .- BARIUM 

LITHIUM 

-- -- --1- L _.  LEAD^ 

M*GNES'"MI" 
1 NA - 
- - NA - 
---- - -- - ~~ - ~ - .- - 

MANGANESE - - - 50 - - UGIL - -- CWQS -. -. 

MOLYBDENUM 239 UGIL ORNL 1994 
I ORNL 1994 STRONTIUM ---___ I 620 UGIL I -*__- 

- - - - ~ . -  ~ -.-- 

I r 45 UGIL CWQS 
--"-.---.----------- 

I I - - 
----- - - 
I 

NA 
7--- 

2-METHYLNAPHTHALENE 
4-METHYLPHENOL NA - 

NAPHTHALENE 
PENTACHLOROPHENOL4 

- - - - _ ~  "I- 

IRIS ] ---1-"- 

DI-n-BUNLPHTHALATE - 3 0  UGIL - 
620 ~ UGlL- -. 1 .- CWQS - __ - 

-- 5 7  UGIL CWQS 

All values based on Tier I I ,  secondary chronic values calculated using EPA guidelines 
unless otherwise noted (EPA 1993). 

2Total recoverable lead calculated using the A-series pond's UCLg5 for hardness of 51 mg/kg. 
'Acute value. 
'pH dependant standard, the value shown is for pH = 7.0. 

WQS - water qualrty standard 
H&K 1995 - Higley and Kuperman 1995 
ORNL 1994 - Oak Ridge National Laboratory 1994 

1 

CWQS - Colorado Water Qualtty Standards 
IRIS - Integrated Risk Information System 
NA - no standard available 

3 .  



Toxicity Reference Value (TRVs) for Sediment PCOCs 

Literature- Back- Voxlclty 
Water WQSTRV based Bnchmk ground Reference 

Chamleal log bw Quality TRV Source Bnchmk Units Source UCL,, Value 
METALS 
ALUMINUM _" -- 
ANTIMONY _- .. I ARSEN~C -- _ _  

.. 
BARIUM 
BERY LLiUM 
CHROMTUM 
COBALT 
COPPER 
IRON 
LEAD 

MANGANESE 
MAGNESIUM 

MERCURY 
SELENIUM 
SILVER- 

Z N C  

...... STRONT~UM _ -  .._ 
VANAD I U M ._ - 

.--. - _  - ____- - - ._. 

....... 

. 

.. 

.- ...... 

... 

... 

. -  

NA rng/kg ORNL 1994 2802500 280E+04 
2 rng/k_$ ORNL 1994 767 7 6fE+OO 

8 2  mglkg ORNL 1994 2 97 8 20E+OO 
9 04E+01 

NA- mg/kg ORNL 1994 1 50 150E+00 
8 10E+01 81 mg/kg ORNL 1994 9 75 

NA mglkg ORNL 1994 6 86 6 86E+00 
3 40E+01 34 mglkg ORNL 1994 11 93 

30000 rnglkg ORNL 1994 10216 22 3 OOEt04 
4 67E+01 

NA rng/kg ORNL1994 180004 180E+03 
460 rnglkg ORNL 1994 274 73 460E+02 

NA .- rng/kg- _ORN-L 1994 1 10 1 10E+00 
2 74€+00 .- 1 mgkg ORNL 1994 2 74 

NA rnglkg ORNL-I994 21 60 - 

20 mg/kg O R ~ L  1994 9041 

47 mglkg ORNL 1994 3940 

0 15 rng/kg- ORNL 1994 0 10 2 00E+00 

NA - __ mgjig:-ORNi 1994 49 90- 4 99E+01- 

150 --. mg/Kg-- ORNL-I994 71 95- ..- 

2 Gi+Ol 
1 50E+02 

.... ........ .. .. - 
. -- - - .- 

-. - 4 60E+04 

-. 5 20E+05 

-pCi/g JYKK, 1995 
4 SOE+O? pCilg H&K. 1995 

pcilg _ _  H&K. 1995 
3 80E+05 pCi/g H&K, 1995 
2 5OEq-5 -pQl_s HSK. 1995 
6 70E+03 _ _  pCtlg-__H&K, 1995 
_. 3 50E+05 pg/L H S K ,  1995 
1 O O E t 0 4 -  pC!/g -Y&K. i 995  
1 OOE+04 pCVg H&K. 1995 
4 .. 20E+03 - _  pCl/g H&K. 1995 

. . . . . . . . .  . .- 

. -  

0 31 4 60E+04 
0 86 4 86Ef03 
0 94 5 20E+05 
0 99 3 80E+05 
199  2 50E+05 

6 70E+03 o 2a 
263 15- 3 50E+05 

1 00E+04 196 
0 07 100Ey04 
1 6 9  4 20E+03 

Page 1 of 2 SEOTWXLS 5176l95 320 PM 



. Toxicity Reference Value (TRVs) for Sediment PCOCs 

Llterature- Back- Toxicity 
Water WPS TRV based Bnchmk ground Reference 

IfJqENO(1,2,3-cd)PYRENE 
NAPHTHALENE .~ ~ 

PHENANTHRENE 
PliENOi 
PYRENE 
I- 

log kw Quality TRV 
3 7  0.0000028 
7 4 9  00000028 
324  00000028 
NA NA 
1-43 2 56 
481  00000028 

Source Bnchmk Unib Source 
CWQS EqP uglkg EqP 

CWQS EqP uglkg EqP- 

iRl5 EqP ug/kg EqP 

CWQS W . . u g M  EqP 

NA 123 00 uglg OC Interim SPC 

CWQS 131 1 00 ugh  OC Interim SQC  

UCLBS 
NA 
NA 
NA 
NA 
NA 
NA 

I 
VOLATILE ORGANICS 
2-BUTANONE 0 09 208  ORNL 1954 EqP ug/kg EqP NA EqP 
4-METHYL-2-PENTANONE 0 79 0164 ORNL 1994 EqP uglkg EqP NA EqP 
ACETONE -0 24 11 2 ORNL 1994 EqP ug/kg EqP NA EqP 
BENZENE 2 06 5 3  I R I S  EqP uglkg EqP NA EqP 
METHYLENE CHLORIDE 128  00047 CWQS EqP wy EqP NA EqP 
TOLUENE 2 6 5  175Et01 ORNL 1994 EqP ug/kg EqP NA EqP 

CWQS - Colorado Water Quality Standards 
EqP - calculated using equilibrium partitioning approach (EPA 1992), value depends on site-specific organic carbon content of sediments 
Interim SQC  - €PA interim sediment quality criterion, value presented is factor used to normalize to organic site-specific carbon content 
bc - octanol-water partition coefficient 
NA - not available 
OC - organic carbon 
WQS - water quality standard 
"--" - not applicable 

IRIS - lntrgrated Risk Information System 
H8K 1995 - Higley and Kuperrnan (1995) 
ORNL 1994 - Oak Ridge National Laboratory (1994) 

j SEDTWXLS -5 3.20 PM j Page 2 of 2 



SUMMARY OF ECOLOGICAL RISK TO 
PREBLE’S MEADOW JUMPING MICE 

ERA source areas evaluated: 

Exposure Points: 

Hiahest risk source area: 

PCOCs with HQ > I O :  

Hishest HQ: 

All 

Vegetation 
Terrestrial arthropods 
Dry sediments 
Surface soil 
Surface water 

6-Ponds 

none 

3.9 - selenium in Soil Dump Area 

Kev uncertainties in exposure and risk estimate: 

Except for pesticides and PCBs, concentrations of organic contaminants in 
biological tissue not available. However, most are metabolized and probably 
do not accumulate in terrestrial biota. 

- Data on PCOCs in terrestrial arthropods not available for all areas. Data 
were replaced with estimates if reliable uptake ratios from adjacent areas 
were available. 

I 



SUMMARY OF ECOLOGICAL RISK TO 
PREBLE’S MEADOW JUMPING MICE 

(continued) 

U q e s t e d  further action: 

ECOCs: Chromium in OU 2 areas 
Selenium in Soil Dump Area and pond areas 

1. Evaluate potential sources and factors affecting bioaccumulation of chromium 
and selenium in vegetation in Soil Dump Area 

2. Evaluate source of copper in terrestrial arthropods in OU 2 

3. Evaluate exposure to organic PCOCs in subsurface soils in 881 Hillside and 
Old Landfill areas. Pathways include inhalation of PCOCs in burrow air and 
ingestion of subsurface soils while burrowing and dermal contact. Futher 
analyses would also consider: 

53 

. seasonal exposure patterns 

* impacts of potential phytotoxicity on habitat quality 
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SUMMARY OF ECOLOGICAL RISK TO 
KESTRELS 

ERA source areas evaluated: 

Exposure Points: 

Hiqhest risk source area: 

PCOCs with HQ > I O :  

All 

Small mammals 
Terrestrial arthropods 
Sediment 
Surface soil 

Soil Dump Area (HI = 33.1) 

Be, Cr, Cu 

Kev uncertainties in exposure and risk estimate: 

Except for pesticides and PCBs, concentrations of organic contaminants in 
biological tissue not available. However, most are metabolized and probably 
do not accumulate in terrestrial biota. 

- Beryllium detected in only 2 of six mice in Soil Dump Area. The maximum 
detected concentration was much lower than UCL,, used in exposure 
estimate. 

- Copper was not a PCOC for soils in OU 2 indicating that concentrations in 
vegetation may be due to natural bioaccumulation. In addition, the high HQ 
may be due to overestimate of bioavailability or a conservative TRV. 

* Data on PCOCs in terrestrial arthropods not available for all areas. In these 
areas, the kestrel diet was assumed to be all small mammals. 



SUMMARY OF ECOLOGICAL RISK TO 
KESTRELS 
(continued) 

Qqqested further action: 

ECOCs: Beryllium in prey around soil dump area 
Chromium in OU 2 areas 

I. Evaluate potential sources and factors affecting bioaccumulation of beryllium 
and chromium in small mammals 

3. Evaluate source(s) of copper intake in OU 2 

2, Conduct more intensive exposure analysis including: 

+ distribution of metals in prey in wider areas (Le., drainages) 
. seasonal exposure patterns 
. potential effects on local populations 
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SUMMARY OF ECOLOGICAL RISK TO 
VEGETATION 

ERA source areas evaluated: All 

Exposure Points: surface and subsurface soil 

Hiqhest risk source area: Ash Pits 

PCOCs with HQ > IO: Ag, Be, Cd, Cu, Cr, Sb, Pb, Ni, Zn, nitratehitrite 

Kev uncertainties in exposure and risk estimate: 

Toxicity information not available for many organic compounds 

- TRVs for metals based on higher bioavailability than. probably exists at 
RFETS 

7 TRVs derived from data on a limited number of taxa 

Suqqested further action: 

ECOCs: Ag, Be, Cd, Cu, Cr, Sb, Pb, Ni, Zn, ni.trate/nitrite 

1. Search for more information on toxicity of organic compounds 

2. Evaluate vegetation community data for evidence of phytotoxicity 

3. Identify riparian and wetland areas with potentially phytotoxic concentrations 
of ECOCs or organics 
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Summary of Ecotoxicological Risk to Vegetation from Ecological Chemicals of Concern (ECOCs) in 
Subsurface Soil 

Maximum Detected Toxicity Hazard 
ECOCs Concentration in Reference Quotient 

Source Area (PCOCs Exceeding TRV) Group UCL,$ Subsurface Soil (Max) Value (TRV) Units (Max:TRV) 
M 340 2970 500 MGlKG 6 

6 MANGANESE M 328 2930 500 MGlKG 
CHROMIUM M 13.3 -130- - - 22 9 MG/KG 6 
STRONTIUM M 96.2 264 62 9 MGlKG 4 
ANTIMONY M 7.1 1 14.1 7 14 MGlKG 2 
MOLYBDENUM M 3 36 27.9 16 9 MG/KG 2 
COBALT M 7 89 28.8 20 MGlKG I 
ZINC M 29.8 68.5 50 MGlKG 1 
ARSENIC M 4 28 13.6 10 MGlKG 1 
VANADIUM M 18.7 40.1 36 3 MGlKG 1 

Burial Trenches BARIUM ... - 

C-Ponds CHROMIUM M 62 0 - 7 3 9  . - . 22.9 MGlKG 3 
58.2 50 MGlKG 1 ZINC . M - _. . 3s 3 ._ 

STRONTIUM M 61 0 64-1 296 62 9 MGlKG 1 

W 3231 20000 19 1 MGlKG 1047 Downgradient Areas NITRATElNITRITE .-. . 
M 101 197 62 9 MGlKG 3 STRO NTI u M 

2 
MANGANESE M 332 896 500 MG/KG 2 
SELENIUM M 0.962 1 9  I 45 MGlKG I 
NICKEL M 20 4 38 2 30 MG/KG 1 
BARIUM M 199 624- 500 MG~KG- 1 
VANADIUM M 25 9 436 36 3 MGIKG 1 
ARSENIC M 4.93 I1 4 10 MGlKG 1 
ALUM~NUM M 10396 161 00 14600 MGlKG 1 
COBALT M 10 6 21 20 MGlKG 1 

. . _. - . . - ._ . __ - . - . 
. 99.2 50 MGlKG __ ..... ZINC M 73.8 

. ___ . . 

_ 

MG/KG 9 
9 MWKG 

MANGANESE-- M7 276 . 31 60 .. 500 MGiKG- 6 
22.9 MGlKG 6 CHROMIUM M 15.5 127 

2 M 0.584 3 4  I .45 .M-c~K-~_- MGlKG .- -. 

2 36.3 M 
2 M 10964 27900 14600 MGlKG 

- - __ M 42 3 437 50 ___ - - .. - . . _ . - . East Trenches ZINC 
- .- .. 59.4 545 62.9 - .__ .- - . - . - __ ._ - - . - - - , STRONTIUM M 

~ _. _. ......... ... .... - 

- - _ - - - . - - __ 
SELENIUM . - _. - __ . 

VANADIUM-. . _ _ _  . . ..... 

ALUM'NUM __ 

- _  
. -. __ _ .._ ._ -. - - 27.2 80.4 .. - 

_. ~ - ......... .. 

MG~KG--- 2 M 5.17 - - 18.4 1 0  
M 114 67 I 500 -MG/KG- 1 

- _. - . . - - _ _  - __ ~ 

ARSENIC 
BARIUM 
NiCKEL L M 14.7 
ANTIMONY M 4.27 7.3 7.14 MG/KG - 

._ ~- ~. _ . ~~ 

1 
1 

_. 

- ~ 30 MGlKG ... _. ... 33.6 
~~ 

22.4 7.14 MGIKG 3 ANTIMONY M 11.3 .................. 

3 
2 

I 

~ __."I ........ .............. Mound Area 
M 92.9 163 62.9 MGlKG 

_-___.l.l .-l---~---. STRONTlUM ........... ..... , . .  

ZINC M 69.8 . , . ., . 99.1 " .~ . . .  , , ........... 50 MGIKG . . " . "  

M 320 635 , 500 MG/KG 1 'MANGANESE-----.- ~ . . . . .  -- ........ ............... ........ ............. 

NICKEL M 24.3 33 30 MG/KG 
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Summary of Ecotoxicological Risk to Vegetation from Ecological Chemicals of Concern (ECOCs) in 
Subsurface Soil 

Vegetation 
Maximum Detected Toxicity Hatard 

ECOCs Concentration in Reference Quotient 
Source Area (PCOCs Exceeding TRV) Group UCL,, Subsurface Soil (Max) Value (TRV) Units (Max:TRV) 

North Spray Field CHROMIUM -. M 28.6 21 7 22.9 MGlKG 9 

ANTIMONY M Y 54 22.3 7.14 MG/KG 3 
STRONTIUM M 36.4 135 62.9 MGIKG 2 
BARIUM M 148 866 500 MGlKG 2 
ALUMINUM M 10713 23800 14600 MG/KG 2 
VANADIUM M 29.7 50 4 36 3 MGlKG 1 
NICKEL M 16.4 41.5 30 MGlKG 1 

. _ _  
ZINC M 50.4 287 50 MGlKG 6 

Old Landfill COPPER M 262 6920 I00 MG/KG 69 
ZINC M 102 673 50 MGlKG 13 . .  

MOLYBDENUM M- 7.52 190 16 9 MG/KG I1 
CH ROM I u M .- M 20.5 - 1 65 - 22.9 MG/KG 7 

. .. .. . ___ - ... 36 . -  7.42 . MG/KG 5 SILVER--- 
MERCURY M 0.179 1.4 0 3  MG/KG 5 
NicKEi .. M . 22,7 .--  118 30 MGlKG 4 
MANGANESE M 296 1540 500 MG/KG 3 
NAPHTHALENE S 2932 61 000 20000 UGlKG 3 
_. ANT~MONY . - M 5.94 19 5 7.14 MG/KG 3 
STRONTIUM M 38 :2 13 I 62.9 MG/KG 2 
VANADIUM M 301 9 74.4 36.3 MG/KG 2 
ARSENIC M 5 06 18.9 10 MG/KG 2 
ALUMINUM M 9352 2 1660 14600 MG/KG 1 
COBALT M 8.33 27.1 20 MGlKG 1 

-. Ac EN A P H T H EN E .. S 1625 _. 31000 5000 UG/KG 6 
LEAD .. . . . M - - .- 35.4 304 .- 50 MG/KG 6 

. . .- __ 3.20 
.. . --. . 

M 

Soli Dump 50 MGlKG 14 
STRONTIUM __ M . 102- . . . 506 62.9 . MGlKG 8 

-. . 706 ._ . -_ -- M 51 .I 

M 

-. . 
Areas ZINC 

- _. - -- 
26.3 118 36.3 __  MGlKG 3 VANADIUM 

ANTIMONY - _ _  . M 8.30 - - 76 y8 _ 7.14 MG/KG - 2 
BARIUM-- M- 166 1050 560 MG/KG 2 

.- __ - .- .- .__. __ .. 

50 MGlKG 14 
STRONTIUM __ M . 102- . . . 506 62.9 . MGlKG 8 

-. . 706 ._ . -_ -- M 51 .I 

M 

-. . 
Areas ZINC 

- _. - -- 
26.3 118 36.3 __  MGlKG 3 

M 8 30 16 8 7 14 MG/KG 2 
.- __ - .- .- .__. __ .. VANADIUM 

2 ~ ~ - .. - - .  . -. . . _ - . -. 
84.9 50 _ _  MGiKG 2 -  

M 10.9 34.9 . . 30 MGiKG I 
___ 'UGiKG - - - 

. __ - -. - __ ___ - - M 13.9 
M 81 60 
M 

._ .- - LEAD 
ALUMINUM 

500 -. MANGANESE-. 
NICKEL 
-- PENTACHLOROPHENOL - s - 947 660 600 
COBALT M 6.43 21.4 20 MG/KG I 

-- .. 

1460% MG/KG 2 
MG/KG I 

1 

. . . - - - - __ -- . - . 241 00 
71 9 

- . __ -- 

.. - . - -  . - - - .- - . . ._ __ 1 43- --- - -- ._ ___ 
. _ - . __ - - -- 

~ 

West Spray Fleld ZINC M A N G A N E S ~ ~ - ~ - -  " M - 18.1 - -  50 - MG/KG _. 2 - 98.2 - 
2 - . _ _  M 205 885 .- . 500 MGlKG ._  

__ ALUMINUM M 8642 -~~ 21 500 I4600 . MWKG- - 1 
VANADIUM .__ -- M 22.0 49.7 MG/KG I 
S f R r n M  M 16.3 80.3 62.9 MG/KG I 

_ _  _. 

- 36.3 
. _ - - . 

Note: ECOCs were not identified in the following source areas B-Ponds, Other Outside Closures, and Surface Disturbance 
PCOC - potential chemical of concern 
UCl,  - 95% upper confcJence limit of the true mean (based on a 1-tailed test) 
M - metal 
W - water quality parameter 
S - semivolatile organic compound 
MGMG - millgrams per kilogram 
UGlKG - micrograms per kilogram 



Summary of Ecotoxicological Risk to Vegetation from Ecological Chemicals of Concern (ECOCs) in 
Subsurface Soil 

ECOCs 

vegetation 
Hazard 

Concentration in Reference Quotient 
Maximum Detected Toxicity . 

Source Area (PCOCs Exceeding TRV) Group UCLgS Subsurface Soil (Max) Value (TRV) Units (Max:TRV) 
881 Hillside ANTIMONY M 10.4 57 7.14 MGlKG 8 

. .- _ 
M 00851 2.2 0.3 MG~KG- 7 

CHROMIUM M 15.9 70-.i - 22.9 MGlKG 4 

MANGANESE M 264 1500 500 MGIKG 3 

___. ._ - MERCURY 

ZINC M . __ 59.4 184 50 MG/KG 4 

STRONTIUM M 98.6 172 62 9 MGIKG 3 
NICKEL M 16.6 70.1 30 MGIKG 2 
ALUMINUM M 11926 30000 14600 MGIKG 2 
VANADIUM M 30.7 71.7 36 3 MGlKG 2 
ARSENIC M 4.68 18.1 10 MG/KG 2 
COBALT M 7 51 36 20 MG/KG 2 
BARIUM M 166 836 500 MG/KG 2 

1 8  _. . 
M 0691 . _ _ - . __ SELENIUM 

CADM-I UM- M 0.621 3.6- 3 

903 Pad ZINC M 58.9 200 50 MGlKG 4 
COBALT- M 9.14 78 I 20 MGIkG - 4 

- 53 1.45 MGIKG 4 SELENIUM . . M - . . . - 0.731 .. _ ._ . 

C HROMiUM M 15 8 69.2 22 9 MG~KG 3 
BARIUM M 136 1500 500 MGlKG 3 
STRONTIUM M 60 8 169 62 9 MG~KG 3 
ANTIMONY -M - .. 6.1.1- 17 7.14 MGlKG 2 
NTCKEL M 16.7- io:i 30 MGlKG 2 
NITRATEINITRITE W - 2.21 - - 43 6 19 1 MG~KG 2 

Si 2 36 3 MGIKG 2 
MANGANESE M 247 963 500 MG/KG 2 

14600 MGlKG 2 
ARSENIC M 4.23 14 10 MG/KC I 

. - _ _  __ _. .. _ _  . _ .._ ._ 

__ . 

. -  

- .  

_. . ._ . 
VANADIUM M 32 4 

. .  

ALUMINUM - - _.. _._ . M - 10841 _. - _ . . . 23600 . ___ .. .. _ 

* 
CHROMIUM 176 . 8310 22q9 MG/KG 363 M 

158- 
48 ZINC M 151 

COPPER 113 2920-- 100 MGlKG 29 M 

CADMIUM M 3.14 56.9 

_ - .__. . __ . . ._ Ash Pits 
._ NICKEL . . . .  . M 109 ._..._ 4750 . 30 . MWKG ._ . 

SILVER M -147 31 1 - 7.42 MG/KG 42 

LEAD - - __ M 55.6 935 _. .. SO MG/KG _. 

ENUM - M 4.53 _ 129 13.9 MGMG 8 
MERCURY M 0.0898 1.2 MGlKG _. . 4 

36.3 _. MG/KG-' . 3 VANADIUM .. . . M 34.9 93.5 . 

ARSENE 

_. . 
2390 50 hrlGlKG _ . _ __ . . 

~ 

21 - ANTIMONY M 9.48 1 49 _ 7 . 14 MGIKG _ . 
3 MGlKG . i9 

- - _. - ___ - - _ ._ ..__ _ _  _. 

_. _ _ _  ~ 

.. _ - 
19 

UM M 3.61 131 10 MG/KG 13 _ _  
._ 

__ __. _. -_ __. ..- - . . ___ . _ - __ . 
._ .. . --_._I __ - - ~ . .  

3 

M 31 5 1260 500 MG/KG 3 
M 13648 32800 14600 MClKG - - -  2 

2 
62.9 MGlKG 2 

MG~KG -- 1 
- - -  

._ - - _~ MG'KG . _. __ COBALT M 11.0 67.6 

MANGANESE 
ALUMINUM 

~_ ___ _ ___ . . . 

_ _ ___--I . -  

_ .. M -  ~ 4.14 . 10 MGIKG ~- ___ -~ 

. _ __ __ - _ 44.0 95.9 . * STRONTIUM- " -- M 
BARIUM M 172 683 500 

I A-Ponds ZINC M 78.5 50.3 50 MG/KG 1 I 



Definitions and Footnotes 

I 

IR 
OU 
NC 

ND 

NR 

RFETS 

SUF 

Incomplete Pathway 

Ingestion Rate 

Operable Unit 

Not Calculated 

Not Detected in Lab Samples 

Not Represented in Sample Information 

Rocky Flats Environmental Technologv Site 

Site Use Factor 

, \4' I 
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SUMMARY OF ECOLOGICAL RISK TO 
GREAT BLUE HERONS 

ERA source areas evaluated: 881 Hillside (sections of Woman Creek) 

Exposure Points: 

Hiqhest risk source area: 

PCOCs with HQ > I O :  

A-Ponds 
B-Ponds 
C-Ponds 

Fish 
Surface water 
Sediment 

881 Hillside (HI = 42.6) 

di-n-butyl-phthalate 
bis(2-ethyl hexyl)p h thala te 

Key uncertainties in exposure and risk estimate: 

Concentration of di-n-butyl-phthalate in prey was not measured. Tissue 
concentrations were estimated from surface water data, BCFs are based on 
KO,, and assume no metabolism. 

Data on PCB and pesticide concentrations in invertebrate and fish tissue are 
available, but transfer of other semi-volatile organic PCOCs from sediments 
to fish was not estimateci. 

Although fish apparently do not occur in all ponds or stream segments, the 
risk estimate assumes that prey can be obtained from all aquatic habitats. 



SUMMARY OF ECOLOGICAL RISK TO 
GREAT BLUE HERONS 

(continued) 

Suqaested further action: 

ECOCs: di-n-butyl-phthalate in surface water 
bis(2-ethylhexy1)phthalate in surface water 
PCBs in sediments 
PAHs in sediments 
Mercury in Woman Creek and C-pond sediments 

1. Evaluate phthalate sources in areas with HQ > 1. Identify sample locations 
and assess risk contribution from stream segments and ponds 

2. Evaluate potential bioaccumulation of PAHs from sediments in aquatic prey 

3. Assess PAH and PCB risk contribution from stream segments and ponds 

4. Evaluate mercury data from Woman Creek source areas to determine 
whether sources are in the stream system and whether conditions are 
favorable for organically transformed mercury 

5. Conduct more intensive exposure analysis including: 

- distribution of PCBs and PAHs among ponds and sediment depths 

- occurrence and availability of appropriate aquatic prey in ponds and streams 

seasonal exposure patterns 

I 
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SUMMARY OF 'ECOLOGICAL RISK TO 
MALLARDS 

ERA source areas evaluated: A-Ponds 
B-Ponds 
C-Ponds 

Exposure Points: Aquatic invertebrates 
Vegetation 
Surface water 
Sediment 
Surface soil 

Hiqhest risk source area: A-Ponds (HI = 4.5) 

I PCOCs with HQ > 10: none 

Key uncertainties in exposure and risk estimate: 

. Concentration of di-n-butyl-phthalate in prey was not measured. Tissue 
concentrations were estimated from surface water data, BCFs based on KO,, 
and assume no metabolism. 

Data on PCB and pesticide concentrations in invertebrate and fish tissue are 
available, but transfer of other semi-volatile organic PCOCs from sediments 
to fish. was not esGmated. 

Little surface soil data for pond source areas was available 

I 
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SUMMARY OF ECOLOGICAL RISK TO 
MALLARDS 
(continued) 

Suqqested further action: 

ECOCs: di-n-butyl-phthalate in surface water 
PCBs in sediments 
PAHs in sediments 

1. Evaluate phthalate sources in areas with HQ 3 1. Identify sample locations 
and assess risk contribution from stream segments and ponds 

2. Evaluate potential bioaccumulation of PAHs from sediments in aquatic prey 

3. Assess PAH and PCB risk contribution from stream segments and ponds 

4. Conduct more intensive exposure analysis including: 

distribution of PCBs and PAHs among ponds and sediment depths 
7 seasonal exposure patterns 
- potential effects on local populations . 
7 incidental ingestion of dry sediments at pond margins 
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Areas evaluated: 

SUMMARY OF ECOLOGICAL RISK TO 
AQUATIC LIFE FROM SURFACE WATER 

A-Ponds, B-Ponds, C-Ponds, North Walnut Creek, 
South Walnut Creek, Wo,man Creek 

Hiahest risk source area: Pond A-2 

PCOCs with HQ > 1.0: barium, carbon disulfide, manganese, lead, stro'ntium, 
(un-ionized ammonia) 

Kev uncertainties in exposure and risk estimate: 

I Barium TRV is based on €PA secondary chronic value. The value is very 
low. 

+ Calculation of TRVs for PAHs based on state water quality standards 
intended for protection of human health 

Suqqested further action: 

ECOCs: barium, carbon disulfide, manganese, lead, strontium, (un-ionized 
am m on ia) 

I .  Evaluate benthic community data to assess effects in each stream segment 
and pond 

? 

2. Characterize risk of individual p h d s  and stream segments 

3. Evaluate potential effects of physical manipulation of flows and levels in 
ponds 

4. Evaluate available toxicity test data to assess predicted versus actual toxicity 
of surface water I 

1 5. Evaluate potential for contaminant fluxes due to storms or other event-related 
surface water flows I 



Summary of Surface Water PCOCs Exceeding Water Quality Standards 

. Hazara uuotfent 
Based an 

Quality I One-Tailed Maximum Frequency 1 Maximum 
I Water j I 

OU5 Ash Pits 
I l a m a  

Quotient 
Based on 

Chemical Standards ' Units UCt.95 Detection I of Hits Detection I UCLSS 

. . . .  . . . 

LEAD 
CARBON DISULFIDE^"--' 
MANGANESE------ 
71NC 

HAZARD INDEX 52.56 21.52 

1.50 1 UG/L 2.99 8.00 9/39 -_ 5.33 1.99 
2.00 1 UG/L 2.73 6.00 1/40 ~ 

3.00 7 ;:3; 50.00 r-GE/L ~~~ 44.09 198.00 29/39 3.96 
45 nn ~ LIGII 17RR 1 71 30 I A141 1 5 8  I n 7Q 

_""l------ 

OU5 Old Landfill 

LEAD ~ 1 5 0  UGlL 
MANGANESE -- i--s;:- 
ZINC 45 00 

-_  ~ ..& , . - - 8/3i- - -- - 
3 49 6 50 4 33 1 2 33 
19 43 71 90 1 24/31 I 44 ~ 0 39 
14 93 6850 1 1 7/31 152 0 33 

- I - - - - .  __I__ 

HAZARD INDEX 54.14 40.48 

OU1 881 Hillside 

HAZARD INDEX 82.69 5.13 

OU5 C-Ponds 

s:\sheryllSW-HQ.XLS all HQ 5/31/95 - 

HAZARD INDEX 63.07 27.31 

DRAFT Page 1 



Summary of Surface Water PCOCs Exceeding Water Quality Standards 

OU6 A-Ponds 

HAZARD INDEX 33.89 18.07 

OU6 B-Ponds 

40.24 15.85 HAZARD INDEX 

s:bhetyl\SW-HQXLS all HQ 5/31/95 DRAFT Page 2 



Areas evaluated: 

SUMMARY OF ECOLOGICAL RISK TO 
AQUATIC LIFE FROM SEDIMENTS 

A-Ponds, B-Ponds, C-Ponds, North Walnut Creek, 
South Walnut Creek, Woman Creek 

Hiqhest risk source area: Pond A-2 

PCOCs with HQ > 10: Aldrin, Aroclor-I 254, Aroclor-1260, benzoic acid, 
heptachlor, methylene chloride, PAHs, silver 

Key uncertainties in exposure and risk estimate: 

Chemical factors affecting of PCOCs in sediments (e.g., equilibrium 
concentrations in water) 

- Physical factors affecting of PCOCs in sediments (e.g., spatial distribution and 
' depth of samples) 

Calculation of TRVs for PAHs based on state water quality standards 
intended for protection of human health 

Sussested further action: 

ECOCs: Aldrin, Aroclor-I 254, Aroclor-I 260, benzoic acid, heptachlor, methylene 
chloride, PAHs, silver 

1. Evaluate benthic community data to assess effects in ea@h.stream segment 
and pond 

2. Characterize risk of individual ponds and stream segments 

3. Evaluate potential effects of physical manipulation of flows and levels in 
ponds L 

4. Evaluate available toxicity test data to assess predicted versus actual toxicity 
of sediments I 

23' 
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Summary of Radiological Risk to Ecological Receptors at RFETS' 
. 

Hazard Indices Calculated Using Maximum Detected Concentrations of 
Radionuclides in Abiotic Media 

........... . . . . . . .  . . . . . . . . .  _ . . . . . . .  . . . . .  - -  - - - - - >  30 . 

25 

20 

15 

10 

5 

0 

29.10 

Surficial 
Soil 

Surface 
Water 

Sediment 

Medium 
. . . . . . . . . .  -. ........... -. ... ... . _ . . .. -. .. 

. . . . .  . . .  _ . . . .  .- . ........... ..... ...... 

Hazard Quotients for Maximum Detected Concentrations of Radionuclides in 
Soils 
.... _. .. ..... ....... 25 2375  

20 ' 

15 * 

I 

10 - 
I 

I 

5 l  I 

O C  

5 

t- 
2 

Surficial Soil 
- ~ _ _ " . . I - _ _ ~ _  - ~- _. 

' Risk estimates for limiting species as identified in Higley and Kuperman (1995). small mammals far soils, aquatic life for sutface 
water and sediment. 
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